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Swmmary

The purpose of this study was to examine the effect of sequential
organization of subject matter in prograumed instruction on achievement.
The interaction of sequence with verbal ability, and two types of anxiety
were also examined.

Subjects were randorily assigned to either a group in which program
frame sequence had been scrambled by means of a table of random numbers,
or to a logically sequenced group. Two programs dealing with heart
disease were employed; one program contained material of some familior- '
ity to the present sample and the other contained technical content
which was new to the subjects.

The results indicated that, as eixpected, sequence led to signifi-
cant differences in achievement on the unfamiliar materials, and not on
the familiar content, Interactions between sequence and verbal ability
were not found, though there was some evidence for triple interactions
among sequence, verbval ability and anxiety,

The results provided further evidence that a pupilt®s prior
fomiliarity with subject matter may be an important moderating variable
in determining which instructional mode, or type of erganization of
instructional content leads to superior achievement. The importance
of this variable in instructional design, and attribute by treatment

interactions was discussed,
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Introduction

The sequence with which instructional material is presented to
pupils is a subject of considerable concern from a number of different
theoretical positions, Skinner (1954, 1965) advocates that scrupulous
attention be paid tn the sejuence with uliich programed material is
organized in order to maximize the contingencies of reinforcement.
From a different point of wview, Gagne' (1968) also recommends attention
to the sequence with vhich different types of subject matter are taught,
such that subordinate concepts should be taught prior to superordinate
ones. Contemporary concern with learning hierarchies is yet, of course,
another index of the importance attached to the sequence with uhich
subject matter is tmight. It is, therefore, paradoxical that this meny-
sided attention tc;l sequence has not been accompanied by solid empirical
evidence confirming the importance of sequential subject organization.
On the contrary, in the area of programed instruction (FI) a number
of studies indicated that there were no achievement differences
between presenting differe.nt instructional programs in a logleal or
random sequence. The first purpose of the present research, therefore,
was to investigate the sequence problem in an attempt to demonsirate
that the unanticipated findings in this area were attributable to the
failure in previous research to vary the prior familiarity subjects
(8s) had with the material.

A further purpose of the present research was to study the inter-

action between a number of individual difference varisbles and sequence.
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The presumed disorganization and greater difficulty of a scrambled,
compared to a logical sequence suggested that this variable might well
interact with intelligence, and with anxiety. The study of such inter-
actions has come to be known as aptitude, or atiribute by tredment
interactions (ATI), which have as their aim the demonstration that
optimal instructional methods vary with individual difference character-
istics of subjectse

The major general hymothesis of this investigaticn was an exten-
sion of a construct found useful in reconciling findings regarding the
issue of response iode to PI (Tobias, 19703 Tobias & Abramson, 1971).
Specifically, it was hypothesized that the effect of sequence was
modified by Ss* prior familiarity with the subject matter., On familiar
materials Ss had a general outline of the structure of the subject
and even a scrambled sequence could facilitate achievement since each
frame may review a particular aspect of the overall content. In this
manner a scrambled sequence acts much like a flashcard in facilitating
the recall of details of a subjeet matter whose general outlines are
well knowm. On new and unfamiliar content, on the other hand, Ss had
no organizational scheme of the demain into vhich each frame might fit;
henee they ought‘to learn significantly less from a scrambled than

from a regular sequence on new, but not on familiar materials.
Review of the Literature

The sequence with which instructional material appears is

especially important in PI. Skinner (1954, 1965) emphasized the



jmportance of sequence hoth explicitly and implicitly. BExplieitly,
Skinner wrote that PI presents ¥carefully designed materiaol :in which
ohe probiem can depend upon the answer to the preceding L195%, Pe 901.7
Tmplicit reliance on careful sequenciné of material is seen by the
prescription that programs should advance only in small steps from one
item to the next in order to maintain acceptably low error rates.
Clearly, a high ratio of success can be puaranteed only if the frames
are carefully arranged so that each item presents only a bit more informa-
tion than the preceding ons. Niedermeyer (1968) quotes iiarkle’s
definition of PI as a “reproducible series of instructional events

Lp. 302].% From this point of view, precise sequence and PI are vir-
tuslly synonymous.

Despite the importance athtached to a well swdered logical sequence
by workers in PI support for this position is sorely lacking. 4 total
of eleven studies of the sequence problem (Brown, 1970; Niedermeyer
et al., 1969; Payne, et al., 1967; lodtke, et al., 1967; Stolurow,
1964; Levin & Baker, 1963; Roe, 1962; Roe, et al., 1962; Gavurin &
Donahue, 1961; and Zuckerman, et al., 196l), have been reported. Only
two of these (Brown, 1970: Roe, 1962) found achievement differences
attributable to frame sequence. Since this literature was reviewsd by
Niedermeyer (1968) in some detail only the mujor studies in this area,
as well as the more recent ones will be revieued here.

Browm (1970) used a program composed of two parts; the first 89
frames dealt with mthematical notation and the latter 40 required the

application of material learned in the first section. o achievement
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differences were found between a logical and a scrambled group for the
introductory moterial, but the differences betueen the groups on the
application of previously learned materials were significant. Browm
interprets these results as supporting the view (Gagne,, 19648) that
content which is low in the hierarchy of a field is relatively
unaffected by scrambling, compared to materials higher up in that
hierarchy.

An interpretation of Browm®s findings in terms of 5°s familiarity
appears equally plausible. On the introductory material an untreated
control group obtained a mean score of 69% (Browm, 1970, p. 43) despite
the fact that they were not exposed te the program at all. Clearly
these Ss and, presumably, the experimental groups vhich were selected
from the same nopulation had substantial prior familiarity with this
material, and scrmnblﬁug may, therefore, not be expected to iead to
achievement differences. On the latter part of the material the coutrol
group obtained a mean posttest score of 21.6%. On this subject matter
where prior familiarity was low, achievement differences due to scrambl-
ing would be expected from a familiarity formulation.

Niedermey.r, Brown and Sulzen (1969) found no achievement dif-
ferences amiong a logical, scrambled, and reversed order group. Since
these writers used a modified version of the program employved by Brown
(1970) the difference between the findings of the twe studies is pre-
éinnably attributable to differences :in Ss and procedures employed.
Brown used tenth and eleventh grade Ss with a mean IQ of 122, vhereus

Niedermeyer, et al. used ninth grade Ss with a mean IQ of 112.



‘Furthermore, Brown employed a longer version of the program,' and dif-
fersnt posttests than those used'by Niedermeyer ot al. In the latter
study the mean error rate with the logleal sequence was 30%, well above
tolerable ’lim‘i.ts for a linear program. OF some interest for present
purposes was ‘the finding that group differences on the familiar intro-
ductory concep .5, the first 70 frames, were much smaller than the dif-
ferences for the presumably more novel, technical problem solwving
questions on the 40 final frames of this program.

Payne, Kratwohl, and Gordon (1967) compared logical and random
sequencing of three programs contsining a total of 164 frames in the
area of elementary measurement and statistical concepts. No differences
betuween sequences were found, nor was there any relationship with
intellectuol ability. The program error rates (1% for the logical and
L% for the random sequence) also did not differ. The researchers com-
pared these error rates to previous investigations using the same pro-
gram and indicated that the sample employed had more prior knowledge
of the subject matter than had prior samples. The writers indicated
that S%s familiarity with the content reduced the sensitivity of the
eriterion test employed. It would appear equally possible that, in
view of the high entry behavier, the program served as something akin
to a review exercise in which sequence was not particularly important
since Ss had already organized the subjezt matter, and both the logical
and random sequences were comparable to a flashecard review of isolated
faets. If this was indeed the case, differences between scrambled and

logical sequences would not have been expected.
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Wodtke et al. (1967) compared scranbled and logically sequenced
programs in two areas. Programs were presented via computer terminals,
and the subject population consisted of college students. One of the
programs taught discrete facts about the ear for which no sequence
effects were oxpected since the subject matter was discrete. The
progran for which achievement differences were expected dealt with
different number bases, and contained 74 frames. No achievement dif-
ferences attributable to sequence were found for either of the programs.

Of special interest was VWodtke®s report that 90% of the Ss were
reported to have zero scores on a pretest of the number bases progran.
This finding suggests, of course, that there was little prior knovledge,
and would appear to contradict the rationale being developed, that lack
of significant differences for the sequence effect were attributable
to prior learning of the subject matter taught. Experience with two
prior studies using a program dealing with different number bases
(Tobias & Weiner, 1963; Tobias & VH1lliamson, 1968) has indicated that
lowr prescores do not necessarily mean little prior familiarity in this
area. Typically Ss are unable to count in different number bases when
asked to do so on a pretest, but college Ss often have a good understand-
ing of the logic of different number bases, and once they are exposed
to several examples of arithmetiec computations with bases other than 10,
little difficulty is experienced in recalling prior learning, or in
generalizing to new situations despite initially low pretest scores.

Levin and Baker (1963) employed a geometry program vhich was
presented to elementary school Ss in standard and partially scrambled

11



form. The fourth unit of the program contained a total of €0 franes,
and was scrambled :in three blocks of 20, The blocks themselves were
presented in logical order. The program was exposed to Ss three times,
in addition to a pretest. The results indicated that there were no
differences between the two sequences. A review of these procedures
suggests 'Ehat. Ss had ample opportunity to develop familiarity with

the subject matter from three presentations of the material, together
with the pretest, and logical sequencing on the first three units to
override the effects of the slight scrambling imposed by the investiga-
tors. Roe et al (1962) employed a 7l-frame program on elementary
probability theory using college freshmen. No achievement differences
were found, nor did error rates on the program differ, for 2 logical
and a scrambled group. Vhen Roe {1962) revised this prograi very
slight differences were found between the scrambled and logical versions

of ths program.

Anxiety

There is a strong rationale for expecting an interaction between
anxiety and program sequence. The high ratio of reinforcement present
in PI, the hierarchial and sequential organization of the materials, and
the low level of uncertainty experienced by S working on the instruc-
tional materials are such that programmed devieces ought to be especially
beneficial for highly anxious .individuals. then frame sequence is
scrambled in a content area with which S is unfamiliar the presumed

advantages of the programed format disappear. Therefore, one would



expect that anxious Ss would find the secrawmbled sequence espe@ally
debilitating to their achievement. /An interaction between zinx‘n.ety and
achievement was expected on unfamiliar materials, though not on content
mth which Ss had previous familiarity. On the latter kind of material
it was reasoned that scrombling the Irame sequence did not alter those
attributes of PI presumed to be especially advantageous for anxious
individuals,

Despite the strong rationale for an interaction between achieve-
ment from PI and anxiely research in this area, rewviewed in detail
elsevhere (Tobias & Abramson, 1971), largely fail to confirm the
presence of such an interaction. Two critical problems have been
identified in previous research relating anxiety to PI. The first of
these is the questionable assumption that the anxiety reflected by Sts
score on a questionnaire is actually operative wihile the student is
working on the research materials (Tobias, 1970). Observation of Ss
in previous anxiety studies (Tobias & Williamson, 1968) indieated thot
such an assumption might well be unwarranted. In another study an
attempt was made to ascertain that the anxiety variablé was in fact
engaged during the research situation by inducing stress in addition
to having anxiety measures available (Tobias & Abramson, 1971). Despite
this procedure there was still no clear-cut evidence that anxiety was
in fact present while Ss were working on the reséarch materials,

Spielberger's work (1966; Sp:i.elbgrger, Lushene, & HeAdoo, 1971)
- offered a possible answer to the problem of the engagement of anxiety

during the research task. Spielberger suggested that the anxiety

13
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construct may well be composed of two components which had previously
not been separated. The first of these Spielberger called A-Trait
which is conceptualized as the relatively lifelong tendency of
individuals to respond to evaluative situatipns with stress and feel-
ings of negative self-regard. The second component A-State deals with
is the degree to vwhich anXiety is engaged in specific situations.
A=-State amﬁ.ety is expected to fluctuate over time, and is v:iewed as
being situationally determined. The operational measures of these
constructs is the State and Trait Anxiety Inventory, or STAI
(Spielberger, Gorsuch- & Luschene, 1966). 0%Heil, Spielberger, and
Hansen (1969) interspersed a brief five~item version of the A-State
during a learning task.administered via computer assisted instruction.
The results indicated that A-State measures had a high relatioanship
with learning scores whereas A~Trait measures did not. These studies,
thus, suggested that the fallure to establish a relationship between
learning from PI and anxiety might be due to the fact that most studies
utilized A-Trait measures rather than A-State.

Mother problem raised by previous research dealt with the dif-
ficulty of the materiels. Previous research has suggested that anxiety
interferes with achievement only vhen tlié naterials are relatively
difficult; achievement on easy materials 1ﬁay well be facilitated by
anxiety. ’The difficulty variable was investigated by Tobias and
Abramson (1971) in the context of PI. Two sections of a program of
varying difficulty were employed; one part dealt with familiar content

and had an error rate of approximately 3%, and the second section dealt

14
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with relatively novel technical material and had an average error rate
of 25%, Students were randomly assigned to o constructed response

condition with reinforcement, without reinforcement, and a reading con-

dition. The expected ATIs with anxiety on the difficult material were
not found. The outcome of that investigation (Tobias & Abramson, 1971)

suggested that for anxiety to interact with instructional sode in a

neaningful context levels of anxiety well. beyond the 25% obtained in

that experiment may be needed. ~O'Neil, Spielberger, and Hansen (1969)

found strong relationships with A-State onxiety on moterial with diffi-
culty rates of approximately 60%. In the present investigation it was
expected that the error rate for the group receiving a scrambled
sequence might well approximate that found by ONeil et al. :in their

investigation, and hence an ATI with onxiety was expected.

Veorbal Ability
It would uppear logical that students of high intellectual ability

should be less affected by scrambling the sequence with which subject

matter is presented than less able students. Their ability ought to
enable such students to search out relationships, reorganize subject
natter, and re-sequence materials as they are processing them to a far
greater degree than less uble students, and hence serambling frame
sequence in an instructional program should impair these Ss® achievement
to a lesser degree., Similar formmulations have led previous investiga~
tors of the sequence problem sueh as Brown (1970), Wiedermeyer et al.

(1969) and Paine, Kratwohl, and Gordon (1967) to expect such an intoraction.




In those investigations a main effect attributable tp verbal. ability vas
obtained, but the sought after ATI with sequence was not. The fact that
the present investigation invelved both familiar and relatively novel
nateriols suggested that an ATI between ability and sequence might be

obtained on the uwnfamiliar materials though not on the familiar.

P

Mothod

The basic design for this investigation consisted of the experi-
nental manipulation of the sequence variable, by implenenting a logical
and serambled sequence condition, and then studying the ATI of this
variable with scholastic aptitude, state, and trait anxiety. The mpdel
for this investigation was similar to those recommended by Cronbach and

Snow (1969) as especially suited for ATI studies.

laterials

The instructional materials used were similar to those developed
in previous studies (Tobias, 1969; Tobias & Abramson, 1971). For the
present investigation the continuous 143 frame program pfeviously
employed was divided into two separate parts administered at different
sessions. The familiar material consisted of the first 54 frames and
covered content such s the follot-ﬁllgz (1) the prevalence and incidence
of heart disease; (2) the role of various risk factors such us age,
smoking, and cholesterol in increasing the probability of contracting
heart disease; (3) the dei‘.inition of vhat constitutes heart disease.

The technicol, unfomiliar instructional material dealt nainly

16
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with the diagnosis of myocardial infarction from the fifth precordial
lead of the electrocardiogram. MNedical teminology for different degrees
of severity of coronary disease, electrocardiographic tracings character-
istic of each level of severity, and graphic representations of the
damage to the heart muscle caused by the various levels of coronary
disease were included in tlxié part of the program. ZEach part of the
instructional mqterial vas followed hy its own posttest. The posttests
vere of the constructed reshonse type, the test for the familiar material
had in alpha reliability of .66, and the reliability of the technicul
posttest had a reliability of .80. The original versions of the complete
progran and posttest were reproduced elseuhere (Tobias, 1968).

A ten-item Likert tyne attitude scale designed to deteruine the
feelings of Ss towards instructional naterial was specificolly developed
for the present study. 4 copy of that instrument is reproduced in
Appendix A of this report. The same attitude scale wms adninistored
both after the familiar and the techniecal posttest, The alpha reliab{li.—
ties of this instrument were .80 for its initiol administration and .77

- for its second administration.

Procedures.

Adininistration of the procedures of this study took two sessions.
In the first of these the full /i-State and A-Trait Scales together with
some other research instruments were administered. The familiar instruc-
tional materials were then given to Ss, followed by the posttest and

attitude scale. The technical program, posttest, und attitude scale

17
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were administered during the second session. Holf of the Ss vho had

I
i
[

volunteered for this investigation were randomly assigned to 2 scrambled

sequence condition. For this group frame sequence, within the familiar

TR TR

and technical sections of the program, was assigned by means of a table

of random munbers.

AT T YT

Both g;rol\"f\»pps received the instructional material in booklet format.
The frames wers Ereproduced on one page and the correct answers in the
left hand 111:.!1‘@'9.1% of the succeeding page, alongside of the next frame.
In both condi.t’gjms Ss were instructed to record their responses in in
ansver booklet”accompanying the progran materials and asked not to check
their responses until they had completed them. The growp receiving the
scrambled sequence was informed that the order of presentation had been
randorly varied. During the administration of the technical scrambled
' ‘ ” program Ss frequently indicated that they had no basis for making a

response. They were encouraged to answer if at all possible, otherwise

to leave the frames blank and proceed to the next one.

A brief five-item version of the A-State Questionnaire deseribed

by O°'Neil, Hansen and Spielberger (1969) was administered to Ss at

e
N

four pointss i\i‘ter frame 27 of the familiar program, at the mid-point
of the familiar nosttest, after frame U4 of the technical material, and
in the middle of the technical vosttest., The brief A-State Scale was
reproduced with standard instructions (Spielberger, Gorsuch, & Lushene,
1969) in the answer booklet accompanying the instruetional naterials,
and on the posttesr;. ~ R |

Typically Ss were tested in a classroom in groups of six to twelve.

18
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At least two examiners were present in the room at all times. Wthen
Ss finished with one part of the procedures they were asked to raise
their hand and the subsaquent part of the precedures was administered.
The mean interval between the first and second administration was 17.2

days with a standard deviation of 13.8.

Subjects,

A total of 120 Ss, of whow 66 were female, vﬁlu.nteered for this
study. Three Ss had to be discarded wvhen it was determined that SAT
scoros mere not available for them. Thus the final smuple consisted of
a total of 117 Ss. Subjects were recruited primerily from educational
péychology classes at the City College of New York during ﬁhe Fall
1969 and Spring 1970 semesters. Ss were told that the purpose of the
experiment was to study the éffect of program organization, and
peoples? feelings on their achievement from programed instruction. All

Ss were paie six dollars for their participation.

19
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Results

The critical dependent measures in this investigation were the
scores obtained on the twwo posttests, the errors made on the different
sets of instructional materiasls, and the attitude scores towards the
instructional material. In order to allow for direct comparisons between
the familiar and technical program and posttest duta, these scores were
converted to percentages.

The data were analyzed using multiple linear regression tech-
nicues (Cohen, 1958). Sequence was represented as a binary vector
(1 = regular sequence, -l = scrambled sequence). The SAT, A-Trait and
the apprbpriate A-State score were represented as continuous vectors.
The SAT and A-Trait scores were, of course, the same in the analysis

of all the dependent variables. Four different A-State scores were

.obtained for Ss during the different conditions of the experiment; thus,

_the A-State score obtained during the familiar program was used for the

analysis of percent correct on the familiar program and the scofés
obtained during the familiar posttest was used during the analysis of
those data, and in the analysis of the attitude towards familiar
material since that scale was administered immediately after the familiar
posttest, The same procedﬁre was followed for the analysis of the
technical dats, and the respective A-State scores obtuined wile S

worked on the t;echnical material and posttest were used in these

analyses.,

A preliminary analysis was conducted to detormine whether A-Trait

20
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and A-State scores interacted with sex, as reported in some previous
investigations (O*neii, :Hahsen, & Spielberger, 1969). Interaction
vectors between a binary sex vector aﬁd the A-Trait and A-~State scores
were obtained by the cross multiplication of these vectors. This
anolysis indicated that there were no interactions between sex and the
anxiety scores. Therefore, in the succeeding analysis data for the
nale and female Ss weré pooled.

iadtiple linear regression. analysis of data such as those
collected in this study yields four main effects (sequence, SAT, A~Trait,
A-State) as well as a very large number of possible interactions among
these variables. In the present investigation only those .interaction
vectors for which specific hypotheses were formulated were examined.
Thus, only the intefactions between the manipulated variable, sequence,
and scholé.stic aptitude and the two anxiety measufes were examined,
as well as the triple interactions among sequence, scholastic aptitude,
and the two anxiety measures. This analysis was essentially similar
to the model recormended by Cronbach and Snow (1969) as especﬁ,ally
appropria% for ATI research.

The full model for each of the dependent variables included
those vectors reproduced in Table 1 The succeeding analysils followed a
mnodified step dowm procedure similar to the one described by Overall and
Spiegel (1969) and by Cohen (1968). The significance of main effects
- was tested by forming a reduced model containing only main effects,
and then examining the significance of eiach variable by dropping its

véctor from the model, and testing for the reduction of the multiple

21
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correlation. This procedure was followed since some of the main
effocts were intercorrelated (e.g., r between A-Trait and the abreviated
A-State ranged from .09 to .31) and permitted estimation of the per-
centage of independsnt varisnce contributed by veach of the variables,
adjusted for the effucts of all other main effects. JAnother modifica-~
tion of the step douwn procedure was to employ the full model in the
denominator, rather than oniy the previous restricted model. This
procedure resuited in a more conservative I test than is usually
recormended (Cohen, 1968). Interaction effechs were exmmined by adding
the interaction wvectors in the order in whicn they appear in Table\ 1,
and their significance tested by comparing the larger model to the prior
smaller model, and dividing through with the full model in the
denominator.

Tablie J_, reproduced on the succeeding page, indicates that, as
expected, randomizing frame sequence did not have a significant effect
on achievement for familiar materials. The obtained F vajue of 3.25
was significant at the .07 level as determined by the exach procedure
(Veldman, 19€8) and accounted for 3 percent of the variance. Uhile
this result was somevhat closer to achieving statistical significance
than had been anticipated, it should be compared to the data for the
eifect of sequence on the technical posttest. On that variable F =
50,68, of course, significant beyond the .00l level, and that effect
accounted for 31% of the total variance. The means and standard
deviations, which are reproduced on Table 2 on page 19, indicate that
vhile there was only a slight achievement difference on the familiar
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Table 2

Heans and SDs of Percsent Correct on Posttest and Program
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Regular Sequénce Scrambled Sequence
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Familiar Program 96,0 L,7 91.7 4.6
Familiar Test 70,2 9.6 66,7 12.8
Technicul Progrum 83.3 9.0 Lok 12.0
Technical Test 62,1  13.8 3,6  14.8
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posttest, the achievement difference on the technical posttest was

There was also a significant sequence effect for the percentage
correct on the instructional materials, as indicated in Table 1.

For the fnmiliar program the sequence condition yielded an F of 29.73,
significant beyond the ,001 level and accounted for 18% of the total
variance. For the techrﬁcal Program, sequence yielded a highly sige-
nificant F of 272,03, and accounted for 65% of the total variance.
The only other achievement effects approaching significance for these
data was the effect of h-State on the technicsl tests. Thait variable
yielded an F of 4.35, significant beyond the .05 level, and accounted
for 3% of the total variance,

The scalus measuring attitudes towards the instructional material
wero administered immediately after both the familiar and technical.
posttests. Table 3 reproduced on page 22, gives the means and the
standard deviations for both groups. The only results of the regression
analysis approaching significance were the effects of A-State on
attitudes (F = 3.67) und the effects of A-Trait (F = 3.74) both of which
were of borderline significance at the .05 level,

The time required to complete both programs and posttests was
recorded. The means and standard deviations of these data for all four
time periods are reported in Table 4, which is reproduced on page 21.
The results of the regression analysis of these data yielded only one
consistently significant effect, that of scholastic aptitude. SAT had
a-positive effect on all time data but the time requirad to complete the

familiar test.
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Table 3
Means and Standard Deviations of Attitude Scores Towards
Familiar and Technical liaterial
Program
Familiar Technical
Groups H SD H SD
Regular Sequence 27.5 L7 20,4 2.2
Seranbled Seqnence 27.2 5.1 20, 1.3
Table 4
lieans and SDs of Time Taken to Complete Programs and Tests
Regular - Scrambled
i SD i sD
Fariliar Program 26.9 6.4 28.8 6.8
Familiar Test 8.4 2.1 9.7 L.8
Teclinical Program 60.7 12.9 53.8 15.4
Technical Test : 12.4 2.2 12.1 9.9
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The mean A-Trait Score, and mean of the five different

administrations of the brief A-State scale are given in Table 5

below., The A-State datz indicate that there were few differences

among the different times that the scale was administered nor

were there difference between the groups.

Table 5

Means and SDs of A-Trait, and Brief A-State Scores for Both Groups.

Regular Sequence Scrambled Seguence

M : S.D. M S.D.
A-Trait L1k 9.7 39.6 8.5
A-State Pre 11,0 3.0 10,0 - é.9
A-State Familiar Program 9.8 3;2' 9.k 3.2
A-State Familiar Test 10.9 3.0 10.1 3.4
A-State Technical Program 8.9 3.0 10.6 L.l
A-State Technical Test 10.3 3.0 9.9 3.9
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Discussion

The results of this study provide striking confiration for the
central contention that the effect of sequence was modified by S°s.
priox famr‘;.li.arityimth the instructional naterial. At the same time
the results provided only minimal evidence of ATIs mmong ssquence,.
anxiety, and intelligence. The significance of these findings, and

implications for future research will be discussed beloir.

Sequence

As predicted the sequence variable had a significant effect on
achievement only for' the technical ,. unfaniliar subject matter. For
these data the sequence variable accounted for 3175 of the overall
achievement variance. For familiar material, o>n tﬁe other hand,
sequence did not have a significant effect. In view of the fact that
both sels of materials were drawm from the same domain, the area of
heart disease, the interpretation that the achievement differences can
be attributed to the ‘degree to which the mate}rials were either novel or
familiar is strengthened.,

In addition to the evidence from the achievement data, observa-
tional evidence of Ss working on the materials also stréngtheried a
'fanﬁ.li.arity interpretation. When Ss who had been randomly assigned %o
~ the écrambled condi.tioh were given the familiar program, they proceeded
to work on these materials much as if they had been logically sequenced.
When these same Ss wéfé g:ti\:ren the scrambled technical program, however,
the behavior of this grotip can best be deseribed as confusion and

consternation. These Ss i‘requently asked vhat they were to do despite
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the fact that printed instructions had been distributed. Other Ss

asked whether va .portion of the instructions had been accidentally
onitted. llany Ss commented on the fact that they had no basis for
nldking ansvers to some of the frames since the material was quite
strange to them. ‘The striking difference in behavior for the same Ss
taking the scrambled familiar énd technical programs strongly conf.irmed '
the familiarity interpretation. On the familiar pProgram Ss appeared to
have little difficully determining what types of responses to make to
the program. Even though Ss in the_ seranbled group nade a significantly
greater percentage of errors on the familiar material (F = 29.73,

P < .601) they had éuffiqient familiarity with the material to know

the kind of resi:onse expected though they may have nissed the precise
answer to a particular frame. On the technical program, however, Ss?
behavior and comments indicated that they had no bacis for making
responses of any kind. They frequently, thus, omitted mcking responses
of any kiﬁd. The high frequency of omitted responses on the techniecal

program accounts for the fact that there were no differences between

the scrambled and the regular group on the amount of time required to

complete the program. Thus, both the achievement data and the
observation strongly support the interpretation that the logical
sequence is a p-rerequisité for cﬁntéht to 'ihich Ss had not been pre-
viously exposed. TFor coh’ceht familiar to Ss, sequence appears to be
considerably less important. | o

M interpretation of the results of this eXperiment in terms

of the hierarchical structure of subject watter (Gagné', 1968; Brown,

29
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1970) appears possible. A detailed inspection of both the familiar
and technical programs suggests that the technical program appears to
have a more rigorously hierarchial structure than does the familiar
material. Presen’; data, thus, do not pemmit a definitive interpreta-
tion that Ss® familiarity is the critical variable in the importance of
sequence, A critical test betwcen these interpretations whuld be to
selectively pre-familiarize Ss with some of the subject matter in either
of the programs, and then to determine the relative importance of the
hierarchial structure of the subject matter, or Ss* familiarity with
it as the eritical vawiable.

It appears possible that interpreting the results in terus of
hierarchy, or in texms of Ss' fomiliarity are more similar than would
first appear. It seems clear that a person®s familiarity with a
particular body of context is probably of major iwuportance in determin-
ing the hierarchy of that body of content for him. One would expect
- that for adults in this culture, there are relatively ferr concepts
which are Strictly hierarchial in the sense advocated by Gagne, (1968) .

That is, there are relatively few concepts which could not be learned

at all by the typical adult without mastering of the requisite subordinate

content, One would suspect, instead, that mastery of these subordinate
skills might lead to more efficient acquisition rather than preventing
them from learning it at all., Even for a highly hierarchial body of
knowledge intelligent Ss, such as the college students used in this study,
can probably “figure out" the subordinate concepts while working on the

superordinate materials. Such figuring out of the entire material

30
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obviously alters the hierarchy of the subject for them. If the pPresent
~analysis is correct, the hierarchy of the subject matter does not exist
independently of a person’s foniliarity with a particular domain,

but instead is dependert upon the person®s experience with a particular
area.

Prior familiarity with subject matter has an inportant heuristic
advantage over the h—lerarchial conception. /A person’s previous
familiarity with a pafticular domain is easily assessed by a detailed
pre-test on that content. The hierarchy, on the other hand, is not as
easily def.ined‘operationally. Bunderson (1971) indicated that differ-
ent individuals‘,‘ constructed markedly different hierarchies of the same
subjech matter, The reliability of a particular hierarchy is thus
subject to some dispute. On the other hand a Person®s prior familiarity
is somevhat less equivoeal in the view of the faet that it can easily
be defined in operational térms as the score on a particular pre-test., The

clarity of such dei‘inition is of some importance uith respect to its

communicative relevance. F‘urthermore, should ‘the ‘importance of Ss?

prior familiarity with a particular body of content be confirmed by
further research it is a variable of some attractiveness to researchers
in educational psychology. Not onlj is it possible to define prior
familiarity by a score on a particular pre-test, but it is also relatively
sinple to manipulate these variables experimentally Byb selectivaly
pre-i‘amiliarizihg random groups of students with some aspect of the
subject matter, or all of the subject matter, and thus studying the
effects of such fanﬁliarization‘.

31
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There was some evidence for interaction among the variables in

this study; however, on the whole the results can be said to be more

disappointing than encouraging with respect to the ATT econstruct.
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Interactions had been predicted on the technical subject
matter vhere, but for one exception, they did not appear, and not on the

familiar material where they did appear. There was a significant

EPEERIY FICHELSE RIS

interaction among sequence, SAT, and A-State Aniiety. Figures I and II,
reproduced on the succeeding pages, indicste that this is an ordinal

interaction (Cronbach & Glaser, 1965). Figure I indicates that in

the scrambled sequence the percentage correct on the familiar program
‘increases as SAT scores go up. For the regular. sequence there is no ;?’
relationship between these variables. This finding suggests that the | |
ablest students could overcome the effects of scranbling the subject
matter and supply correct answers even though the program support
offered by the continuity of subject matter was absent.

Figure IT depicts this interaction with respect to A-State data.
For the logical sequence achievement on the program increased as A-State
decreased., Dsta for these Ss appeared to show a mild disrupting effect

attributable to A-State. On the other hand, for the scrombled sequence

S A e T s,

a slight positive relationship between A-State and percent correct was

observed. This interaction may be attributed to the possibility that
vhen A-State went up § paid closer attention to the Programed material.,

The triple interaction among sequence, SAT, and A-~Trait anxiety

32
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is depicted in Figure IIX, on the next page. This interaction is also
ordinal and indicates that for the loglcal sequence as A-Trait Anxiety
increased percentagé correct on the program also increased slightly.
On the other hand for the scrambled subjects the angle of the curve is
essentially flats The contribu;c.ion of verbal ability to this inter-
action was, of course, depicted in Figure I and discussed aLove.

The interactions among sequence, /i-State, and SAT on the
familiar test are depicted in Figures IV and V which are reproduced on
the succeeding pages. Both of these interactions are diSordinal. As
Bracht (1970) pcints out, there are not tests to determine the sig~
nificance of the cross-over region when regression techniques are used.
Inspection of these graphs, however, suggests that it is unlikely that
the cross-over area was significantly different. Figure IV indicates
that ior the scrambled ssquence there was a positive relationship between
SAT score and achievement on the familiar postbtest, twhile this
relationship was negative for the logical group. The positive relation-
ship for the scrambled sequence suggests that these Ss had to override
the effect of scrambling and hence the relationship between verbal
ability ond achievement was obtainods The negative relationship for
the logical soquence was, however, surprising. One might speculate that
for these Ss ablility was less important than the attention and care
devoted to the program.

Figure V depicts the interaction on the familiar posttest with
respect to A-State. These data show a strong negative relationship

between A-State and achievement for Ss receiving the logical sequence.
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Clearly, Ss with high A-State ."1ch:‘Leved less than those with low anxiety.

" For the sérambled sequence, on the other hand, there appeared to be no
relationship betvreen A-State and achievement. The differznce in these
relationships cannot be ascﬁbed to different intensities of anxiety
on this sub-test, since the mean A-State scores on the familiar A-State
scores on the familiar test for both groups were 10.2 for the logical
sequence, and 10.4 for the scrambied sequence. The meaning of this
interaction is thus obscuie.

Figureé VI and VIT, fepr_oduced on succeeding pages, depict the

" triple interachtion among sequence, A-State /inxiety and SAT on the '
technieal program. Again both of these interactions are ordinal.
Figure VI ':i.nciicates slight relationships between achievement of the
technical program _and SAT, though there are slight differences in the
sloI;es of the two lines. Figure VII depicts positive relationships
between A-State and achievement for both gfoups though the slopes of
bo'E.h 'groups' are somevhat d"Lffer_en"t.. that 1.s nore remarkable than the
s! "x.gh,‘c, '.d:‘Lfferences-:‘Lri the slope oni both 'F?Lgures VI and VII are the
huge differences in térms of the eleirations, of these curves, It is
clear for these data that the ;11‘11& interaction observed accounts for
very small percentage of variance coﬁp’afed to the huge variance
attributable to sequence.

The failure to find st;*ongef_ interactions among amf:‘r.ety‘ and

sequence on the unfamiliar contént. 131éy Be attributed to sevéral factors.
of greatest'importance among these was the reaction of the scrambled

group to the technical progz"ani. " These Ss clearly did not know how to

39
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proceed, and wviewed the task as an impossible one. On the program the
scranbled group left an enormous muwmber of the responses blank, and
even though they had been instructed not to look ahead at the ansver,
observation suggested that they frequently did. One would suspect that
for these Ss errors on the program had little effect on their evaluation
of themselves and was attributed mainly to the confusing nature of the
task, The fact that Ss were not required to make a response prior to
Proceeding to the next frame, and could look ahead ﬁt the answer left
little opportunity for anxiety to build upe In such a situation

strong interactions with anxiety could not, of course, be expected.

In this investigation, as in previous studies (Tobias, 1969a, b;
Tobias & Abramson, 1971) Ss® prior familiarity with the content taught
was of importance in determining which insﬂructional treatment led to
optimel achievement., In the present study scrambling exerted a strong
effect on material with which Ss had 1little prior familiarity, vhereas
the effect on the material with which Ss had eXperience was small.

In previous studies familinrity was showm to be of importance with
respect to which mode of responding to the raterial led to optimal
achievement, Typically, constructing responses led to superior achieve-
ment for technical, novel content and not for familiar materials, The
consistency of thése findings strongly suggests an interaction between
instructional variables and familiérity. It would seem profitable to
explore the familierity variable further, Studies in which Ss?
familiarity is varied together with different instructional treatments
might serve to clarify the effecfs of familiarization.
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In recent symposia devoted to the ATI problem (Carrol, 1969;
Glaser, 19705 Snow & Bracht, 1971) much attention has been devoted to
the importance of task specific attributes in generating ATIs., Task
specific attributes would pose an enormous Problem bto ATI researchers,
An interaction between instructional treatments and an atiribute which
is highly specific to the task would, of course, be of limited heuristic
importance since nnly the specific subject matter used in the particular
investigation would be clarified by éuch a finding, From a researcher’s
point of view findings which do not generalize to.other arcas are, of
course, useless. The findings ¢f the present investigation, together
with the findings of previous studies discussed earlier, suggest that
there may be a way out of the paradox of assessing task specific
behavior; yet still be able to generalize these to other bodies of
content. If Ss® familiarity with subject matter can be shown to inter-
act with different instructional treatments in a nuiiber of areas this
familiarity with the material would of course, be specific to the
pParticular task; the level of faniliarity may, however, be generalizable
from one content area to another., These data suggest that extent of
familiarity as determined by specific pretests, or experimental pre-
familiarization may be shown to interact twith instructionsl variables
in a variety of éontent areas. Such findiﬁgs imply the hypothesis that
it is prior achievement, or learning vhich may interact with different

instructional treatments rather than aptitudes or attributes.
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Appendix A.: Att‘itude Scale,

NAME s#

Please ensuer the followvinr questione in terms of how you feel about the
program vou have just completed, Indicete ycur feclings by circling the
choice which most accuretel 3y reflects your opinion.

2
: 1, How did you feel about the vey the materizl wias presented?
d $ g H !
Enjoyed Precentation Precontasion Dislilced
presentation moderately moderately presentation.
rlevsant. unpleasante.
"o Did you find vourself just trying to et through the moterial, rather then
trying to learn?
A1l the Host of Some of Never
time the time, the time.
3« Did you Imouv rhether vour ansrters vere correct before checking them?
All the tfost of Some of Hever
. time the time, the tine, . __ .. -
' 1‘ 3 o
Ve For the followring items please check your : » ¥ ¥ 2
¢ ansver in one of the boxes at the right. i 2 o o )
: ‘ g1 8y _ 8. o
| = olag|agoe
| Tl &glagiay
L. Tould ;ou like to lerrn other subjects by the
same format?

S5¢ Did you feel thot this formet mede it harder
for you to learn the subject?

6. Do you feel thet this formet helped you learn
the materiel more repidly than vou tould have
learned it from a non-propgremed format?

T Did 7ou feel that the format made it more
difficult for you to concentrste on the

materiol then a non-programed format?
. 8. Did you feel more certain about knowing the

subject matter then you would heve if it vere
presented in o non-programed manner?

..

s

9« Did you feel that this format made learning
more mechanical?

10. Vounld you like to learn more about the prine
clples of programed instructions?

if you have any further comments plesse write them out on the back of this sheet.
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